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Summar

Dose-related alterations in the levels of prostaglandins (PGPQQ
and PFGE) and thromboxane B-(T.By) wera observed in the urine of
unanesthetized rats following whole-body gamma radiation. Exposure
doses of 100 and 900 rads resulted in significant changes in urinary
levels of these oyolooxygenase productya. These findings suggeat
the potential use of radioimmunocassay measurament ot urinary prosta-
glandins and thromboxane as a noninvasive indicator of radiation
axposure. :

Expoaure to ionizing radiation induces subcellular blochemiocal and moleou=
lar alterations, which may result in cellular destruotion. The biochemical
changes that ooour are often reflected as alterations in the composition of
physiological fludds, which may ba useful indioators not only of rediation
injury but also of the extent of radistion exposure. The kidney is an impor-
tant route for the elimination of endogsnously darived biochemicals, and the
analysis of subatances in the urine of irradiated animals provides a noninva-
3ive means for sstimating radiation dawage in vivo,

A numder of reports exist on the inoreased concentraticns of various
metabolites in the urine following whole-body irradiation. Several of theas
show a reascnably linear correlation with radiation done within limited dosa
ranges. Plr{zek st al. (1) found inoreases in deoxyoytidine (CdR) exoretion
in rat wrine in the First 24 hra after whole-body ircadiation (50-600 R).

The biovhemical ardgin of the excrated CdR (a degradation product derived from
polydeoxyribonuoleotide metabolian) was atiown to bs considerably reduced in
apléneotonised rats, suggesting early radiation-induced cellular destruotion
a3 the source of this urinary metabolite (2). Investigations of oreatinine
exorstion tuvealed that during the initial § days after expoaure to 25-650
rada of x-rays, the averaged creatinine excretion varied linearly with the
dose raceived (3). A linear relationship betwasen the dally exaretion of tau-
rine and urea was observed following whole-body exposure of rets to 75-250
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rads of x-rays (4). However, this radiation-induced secretion of taurine was
shown to be species dependent (5). The sourca of the radiation-induced increase
in taurine exoretion was shown to be the pancreas, with possible contributions
from the liver and intestines. Spleen, adrenals, hypophysis, and kidneys were

shown not to be involved in this phenomenon (6).

Elevations in prostaglandin (PG) levels following irradiation have been
reported in lung parenchymal and airway tissues (7,8), liver and spleen (9,10),
skin (11), and the small intestine (12) in a variety of laboratory animals.

The present study was undertaken to determine whether PG and TxBy levels in

the urine may reflect these alterations in metabolism in animals exposed to
whole-body gamma radiation from a cobalt-60 source. In order to assess the

use of this measurement as a biological indicator of radiation damage, we
investigated the urinary excretion rates of these substances in rats at variocus
time intervals pre- and postexposure to 100 and 900 rads.

Matersals and Methods

Materials

and PGEp antisera were obtained from Clinical Assays (Cam-
bridge, MA) and Aocurats Chemical and Secientific Co. (Hicksville, NY), respec-
tively. PGFQQ. PGE; and TxB, were the genercus gifts of Dr. John Pike (Upjohn
Co., Kalamazoo, MI)}. [3H]-PGFpq (120 Ci/mmol), [3H]-PGEs (140 Ci/mmol), and
(3u]-TxBy (125 Ci/mmol) were purchased from New England Nuolear (Bosten, MA).
TxB, antisera were prepared in rabbits; an IgG-rich fraction was produced by
affinity chromatogruphy on a protein A-Sepharose CL-4B column (Pharmaocia,
Uppsala, Sweden). Trizma and gelatin (Bloom~100) were products of Sigma Chem~
ical Co. (St. Louls, MO). Norit-A was purchasad from Fisher Socientific Co.
(Pittsburgh, PA), snd Daxtran T-70 obtained from Phaveacia.

Rabbit PGF?’g
0

The specificity of the antimsera employed was characterized, and tha ratio
of PG concentration to the cross-reacting subatance concontration at 50§ inhi-
bition of maximum binding was datermined. TxBy antisarum demonstrated leas
than 2§ oross-reaotivity with other arachidonlo aold metabolites (POFp,, PGE,,
PGDy and 6-keto PGF,Q). Specifioity of the commercially prepared antiserum
to PGPy demonstrated only minor oross-reactivity with S-keto PGF g (<128),
wheroas anti-PUE; did not distinguish between PGEy und PGE; (0.1-2.0% orosa-
reactivity vith PGPy, ¥ODy, 6-keto PGPy and TxBy). ‘Therefore, the data are
expreased as PGE to g;ﬂteata this orosa-reactivity of anti-PGEy with POE,.

Animal Experiments and Irradiation

Male Spragus-Daviey rats (Taconio Farms, Inc., Germantown. NY) weighing
200.300 g were houssd in individual matabolic cages, fed a bolus of food daily,
and allowed water ad libitus. The aniwals wers maintained in the cages for
7 days bafors any urins colleotions were mada to allow them to acclimate to
the new environzent. Three days prior to irradistion, urine was collacted
at 2U-hour intervals e&nd its volwss uaa msasured. Postirradiation solleotions
wvare made and urins voluwms msasured at the end of the following time intervala:
0-1, 1-3, 36, 6-12, 12.28, 28.k8, k8-72, and 72-96 hours. Tha urines were
colleoted in S te S0 pl of 10 N HCL, depending on the urine volume, Iwnediately
after colleotion, 875 pul aliquots of urine were added to 25 p) perchlorio aoid
(PCA} (final concentration 0.00 N PCA): they were mixed snd atored at -800 C
for later anslysis. Preliminary sihalyses revealed no algndficant diffsrences
in the levels of PO or thromwboxans mosuread in the supernatants of PCA-preoipi.
tated urines compared to wn-PCA-preoipitated urines. However, even tha latter

urine easples atored firozen until analyais, required csutrifugation to rewove
partioulate material priocr to radioismunoassay. On thes day of analysis, all

e e e e
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samples were thawed at room temperature and centrifuged (13,000 x g) at 40 ¢
for 15 min to remove PCA-precipitated protein; supernatants were then assayed
for PG level.

Animals were placed in individual lucite boxes and irradiated in groups
of ten, with 100 or 900 rads of gamma radiation from a Theratron 80 60Co source
(1.17 and 1.33 MeV gamma). The dose rate was 40.2-11.0 rad/min with a target
distance of 112-115 cm and a tissue/air ratio of 0.89. A wax rat phantom with
an ion chamber placed at midline was used to determine absorbed dose. Post-
irradiation survival of animals subjected to 900 rads at this dose rate ranged

from 7 to 14 days.

Prostaglandin Analysis

PG analysis was performed by a medification (13) of the radioimmuncasaay
technique of Jaffe et al. (14). The assay consists of incubating 20-100 pl
of the PCA-precipitated urine-derived supernatant or known standards (2.5-1000
plcograms PG) with antisera (50 nl) for 2 hours at 22° C. When less than 100
Bl of the sample was used, the volume was brought to 100 pl by the addition
of Trizma buffer {(Trizma 0,012%, NaCl 0.083%, gelatin 0.1%, pH T7.4). There-
after, 50 ul 3H-PG (8000 CPM) was added and the inoubation continued at 40 ¢
for 12 to 16 hours (final volume 200 ul). The bound I -PG was separated
from the uncomplexed tracer after the addition of 250 ml ice cold Trizma-NaCl-
gelatin (1.0%) by adding 500 pl cold charcoal (0.5%)-dextran (0.05%) in Trizma-
NaCl and incubating at 49 C for 20 min following centrifugation (200 x g f~r
12 min at 49 C). The supernatant was then decanted into sointillation vials.
Ten ml ultrafluor was added, and the radicaotivity was datermined by scintilla-
tion spectrometry. All radioimmuncassays were parformed in duplicate.

Data and Statistical Analyais

Bxperimental data for each animal at sach collection time was recordad
as urinary PO concentration in pg/ml and urinary exoretion rate in ml/hr and
than converted to pg/hr. These values were determined for all intervals (pro-
and postirradiation). Thus each valus refleots a rate of PG acuumulation ocour-
ring since tha previous colleotion interval. For sach animal, ths threw 24.
hour preirradiation valuea were averaged, and this average served as a baselins
control value for that animal. All pre- and postirradiation values wers ex-
pressed as a fraotion (percent) of their preirradiation control level for sach
aniaal. In this way, employing each anigal as its own control reduced animal-
to-animal variation. A log transformation of thase data was then made and
a atudent's t test for unpaired suzples was applied to deteraine significancoe (15)
botween postirrediation values of urinary PG and ocontrol value (100 peraent).
The data sre presented as the geouetrio weans (n:10) expressed as the percent
of mean control values (pg/hr), caloulated as Gescribed, Error bara in Flgure
1 and the tabulated errora in Table I expreas the antiloggsd wean plus and
Birua one standard error of the mean (S.B.M.). The preirrsdiation ..-hour
valuss for individual animals in pg/ml varied from 39.0 to 3719.1 (pg/ml POEB),
10.0 to 125.2 (pg/wl P@au). and 63.0 to 2472.5 (pg/md ‘rxﬂe).

Alterations in PO and TxB; {(pg/hr) excretion patterns following a low
(100 rads) and high (900 rada) dose of whole<bcdy gamma radiation are presented
oh the following flgures. Significant differsnces from preivradiation valusa
for urinary lavels of PGE (Fig. 1) were found at 12, 24, snd 96 hrs postaxpo-
sure to 100 rady. No significant differance ocouried at 3 and 6 hra postir-
radiation. In a ssparste wxperiment (data unot sboun), rats subjected to 300

& gL
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Al it

Urinary levels of PGE following gamma irradiation. Values represent
the geometric meana (n=10) in pre-and postirradiated urine aamples
(sse text). Error bars express the antilogged mean plus one S.E.M.
® 2 (0.052p»0.01); ¢ 5 (0,0012p).

rads (nzd) demonstrated significant inoreazea at 3, 6, and 12 hrs postirradia-

tion. Levels returned to preirradiation values at 24 hrs and remained at these : '
levels for the duration of the atudy (96 hra), These data auggest a signifi- :
cant snd tranalent increase in PGB levels at an intermediate dose leval,
Exposure to 900 rads resulted in highly aignificant (p=0.001) elevations in
urinary PGS exoration, deteoted at 6-96 hra postirradiation.

Urinary TxBp concentrations are shown in Fig, 2. Sigificant inoreasss
in the TxBp exoretion rate are seen at 1, 3, and 6 hra after receiving 100
rads of gamma radiation. This is followed by a dealine to control valuea (12
hr) and intermittent deoreases significantly below those of controls at 36,
60, and 84 hra. Analysis of urinary TxBy concentrati na from animals receiving
900 rads revealed dramatic elevations in TxBy excretion, without recovery,
throughout the duration of these experimsnts.

The effeats of garaa radiation on urinary PiFpy levola are shown in Pig.
3. At 100 and 900 rads, postirradiation PGF 2, lavels were algnificantly ele-
vated above control levala at 12 hes.  Animals receiving 100 rads demonstrated .
a significant redustion in POFpq excretion at 60 hrs. Following 900 rads of .
gamua radiation, a second atatistically algnificant peak of elevated POFa,
exoretion wvas found to ocour at 36 hra, A1) other postirradiation valuas were
not significantly different from control values.

The values for PGB, POFpy, and TxBp exoretion mates for sham-irradiated \
animals (0nz5) are presented in Table 1. The values indicate minimal variation
from the pre-shame-irradisted (control) levels. Significant decrsases in exore-
tion ratas ware observed at 6 hra (PGE) and at & and 88 hra (POFp,). However,
these changes are in tha apposite dirsoticn to the significant inoreases observed
following rediation. At all other time intervals, urinary levels of FGE, P(n?a o
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Urinary levels of thromboxane By following gammz irradiation.

Values represent the geometric meana (nz10) in pre- and poatir-
radiated urine samples (see text). Error bara express the anti-
logged mean plus one S.B.H. ¥ a2 (0.052p>0.01); *® = (0.012p>0.001);
e 5 (0.0012p).
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o . Urinary levels of PGFa. following gamea irradistion. Values repre-
: sant the geometrio means (n210) in pire~ and postirradiated urine ;

samples (sse text). Error bars express the untilogged mean plus :

one S.E.M. @ = (0.052p>0.01); ¢ o (0.012p>0.001); *#¢ = (0,0012p).
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and 'I‘x32 did not differ significantly from controls.

In summary, urinary PGE, PGFpy, and TxB, levels demonstrate dose-related
increases in excretion rates following whole-bo’y gamma irradiation. Both
total mean increases and temporal relationship. ¢f these increases differ
depending on the type of PG invesatigated. The order of the magnitude of the
increases in urinary excretion rates following 900 rads was PGE > Tx82 > PGF2 o
Discussion

Distinct inoreases in PG and TXB exoretion as determined by radioimmuno-
assay of these substances in rat urine (16,17) have been demonstrated following
whole-~-body gamma irradiation. Several explanations are possible for the marked
inoreases in urinary PGE and TXBo levels (900 rads) without recovery (Figs.

1 and 2). These may include {a) radiation-induced alterationa in prostaglandin
metabolism resulting in increased tissue and cirgulatory levels, (b) radiation
affects on the kidney resulting in increased excretion of PG and blood proteins
which bind PG, and/or () direct cellular destruction and subsequent release
of PG,

The patterns of prostaglandin excration observed following whole-body
gamza radiation demonstrate increases in excretion rates in addition to tempor-
al changes in these increases that vary with the type of PG determined.

Several studies indicate alteratiocns in enzyme activity may be responsible

for the inoreased synthesis of PGE and PGF,, (18) and TxBz (19,20). 1In the
irradiated animal, PGFp,, PGE, and TxB; were found to be significantly elsvated
in parenchymal lung tissuas (7). Furthermors, PUE and P(F,, content inareased
in both rat (9) and mouse (10) liver and spleen tiasues at g‘-ﬁ hours after

1000 rads gamma radiation. Skin PG levals were alao found to inorease follow-
ing ultraviolet irradiation (11), Postirradiation increases in smail intea-
tinal motility in mice (600 rada) have heen correlated with an inorease in

PGB activity, and they were detonatpated to be inhibited by the ayclooxygenase
inhibitor indomethaoin (12). Bisen and Walker (21) have reported a decrease
in prostaglandin 15-08 dehydrogenase following radiation in the spall intes-
tine of the mouse, whereas lung tissue demonatrated significant inoresases in
thia enzyme (22). These findings suggest that in the irradiated animal, prosta-
glandin levels in a variety of tissuos are markedly altered and normal olears
ance machanismy may not be effective. Therefore, tho Snoreazes iu urinary

PO levels following whole-body irradiation observed in thias study may reflect
alteérationa in PG wnadolism/ontabolism.

Stneoa uripnary PG levela in the ponirradiated animal are an indication
of kidney physiology and pathelogy (23), the obsarved inoreasss wy be partly’
attributad to the effects of radiation cn kidney phyatology. To what extent
these increasad PO exoration values reflect renal prostaglandin relesss and/or
aynthasis, compared to the contributions by othaor tissue and cellular types,
could not be deterained in the pressent experivents. It is well established
that PG's bind to serus proteins, notably albumin, in the rat (28), and the
quantity of PG bound to this secraeted albumin may reflect FO releass from a
nusber of tisaues within the body following high doses of radistion (2%).
Alterations in protedn exorsetion have been obaerved in rats following whole-
body irradiation (900 rads) (26). Urinary protoin deteraminations revealed
signifiocant inoreasss at 2, 3, 6, 9, 12, and 24 hrs. During 2% hours, shame
irradiated anizals excreted 2.04 » 0.169 mg protein while irradiated snimals
excrotod u.gs + 0.1493 mg. In the present study, all urine samplos were atored
frozen (~80” C) and analyzed at tho sume time. Preoipitated material wma
apparent in non-PCA treated, HCleaocidified urine samples, and was reaoved
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before analysis as indicated in Methods. We found no significant differences
in PG concentrations in samples with or without PCA precipitation.

Cellular destruction resulting from whole-body irradiation may also con-
tribute to enhanced PG release and subsequent increased urinary levels. The
observed increases in urinary PG and TxB, following radiation may result from
a partial contribution of each of the above stated possible mechanisms.

While the origin of increased urinary PG has not been elucidated, the
significant dose-related, radiation-induced inoreases in PGE and TxB, excretion
suggest a potential use for these substances as blologlcal indicators of radia-
tion damage. Effective biological dosimetry may require a full spectrum of
chemical analyses in the urine as well as of plasma and cellular slements in
the blood in order to obtain a reasonable estimation of radiation dose follow-
ing whole-body radlation. This study suggests that PGE and TxBp as well as
other metabollites of arachidonie acid metabolism found in the urine may be
of value in determining the extent of radiation injury. Further studiea are
currently in progress to determine the effects of radiation on kidney PG matab-
olism as well as circulatory PG levels, in an effort to delineate the origin{s)
of the observid alterations in uripary PG and Tsz excretion.
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